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ABSTRACT

The mutagenic potential of BALLPOWDERO was assessed by
using the Ames Salmonella/Mammalian Microsome Mutagenicity
Test. Tester strains TA98, TAlOOF TA1535, TA1537, and TA1538
were exposed to doses ranging from 5 mg/plate to 0.0016
mg/plate in both the presence and absence of metabolic
activation. The test compound was not mutagenic under
conditions of this test.
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PREFACE

TYPE REPORT: Ames Test GLP Study Report

TESTING FACILITY:

US Army Medical Research and Development Command
Letterman Army Institute of Research
Presidio of San Francisco, CA 94129-6800

SPONSOR:

US Army Medical Research and Development Command
US Army Biomedical Research and Development Laboratory
Fort Detrick, MD 21701-5010

PROJECT/WORK UNIT/APC: #3E162720A835/180/TLBO

GLP STUDY NUMBER: 84041

STUDY DIRECTOR: MAJ Don W. Korte, Jr., PhD, MS

PRINCIPAL INVESTIGATOR: Steven K. Sano, BA, SGT

CO-PRINCIPAL INVESTIGATOR: MAJ Earl W. Morgan, DVM, VC

REPORT AND DATA MANAGEMENT:

A copy of the final report, study
protocol, retired SOPs, raw data,
analytical, stability, and purity data of
the test compound, tissues, and an
aliquot of the test compound will be
retained in the LAIR Archives.

TEST SUBSTANCE: BALLPOWDER6

INCLUSIVE STUDY DATES: 26 November - 14 December 1984

OBJECTIVE:

The objective of this study was to determine
the mutagenic potential of BALLPOWDERS (50/50 blend
of lots BAJ-47670 and BAJ-47671, LAIR Code TA045)
by using the Ames Salmonella/Mammalian Microsome
Mutagenicity Test.
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Mutagenic Potential of BALLPONDER® in the Ames
Salmonoela/aamalian Iicrosome Mutagenicity Test--
Sano et al

INTRODUCTION

Nitroguanidine is a primary component of US Army triple-
base propellants and is now being produced in a Government-
owned contractor-operated ammunition plant. The US Army
Biomedical Research and Development Laboratory (USABRDL), as
part of its mission to evaluate the environmental and health
hazards of military-unique propellants generated by US Army
munitions manufacturing facilities, reviewed the
nitroguanidine data base and identified significant gaps in
the toxicity data (1). The Division of Toxicology, LAIR, was
tasked by USABRDL to develop a genetic and mammalian toxicity
profile for nitroguanidine, related intermediates/by-products
of its manufacture, and its environmental degradation
products. A genetic and acute mammalian toxicity profile of
BALLPOWDERO, a fielded nitrocellulose-based propellant
(Cartridge 5.56 mm, Ball, M193), was also requested as a
baseline against which future formulations will be compared.

The Ames Salmonella/Mammalian Microsome Mutagenicity
Test is a short-term screening assay that utilizes histidine
auxotrophic mutant strains of Salmonella typhimurium to
detect those compounds which are potentially mutagenic in
mammals. A manualian microsomal enzyme system is
incorporated in the assay to increase sensitivity by
simulating in vivo metabolic activation of the test compound.
The Ames Test is an inexpensive yet highly predictive and
reliable assay for detecting mutagenic activity and thus
carcinogenic potential (2).

Obj.ativy of the Study

The objective of this study was to determine the
mutagenic potential of BALLPOWDER® (50/50 blend of lots BAJ-
47670 and BAJ-47671, LAIR Code TA045) by using the Ames
Salmonella/Mammalian Microsome Mutagenicity Test.
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M TERIALS AND IITKODS

Test Compound

Product name: WC 844 Double-base Spheroidal Propellant

LAIR Code number: TA045

Physical state: Solid

Source: Badger Army Ammunition Plant
Baraboo, WI 53913

Storage: BALLPOWDER® (50/50 blend of lots BAJ-47670 and BAJ-
47671) was received from Badger Army Ammunition Plant (AAP)
on 6 September 1984 and assigned the LAIR Code number TA045.
The test compound was stored at room temperature (210C) until
used.

Chemical Properties/Analysis: Data provided by Badger AAP
characterizing the chemical composition and purity of the
test material are presented in Appendix A.

Test Solvent

The test compound and the positive control chemicals
were dissolved in grade I dimethyl sulfoxide (lot 113F-0450)
obtained from Sigma Chemical Co. (St. Louis, MO).

Chemical Preparation

BALLPOWDERS was stored at room temperature (210C) until
used. On the day before dosing, 300 mg of the test compound
was measured into a sterile vial and again stored at room
temperature. On the day of dosing, the 300 mg of the test
compound that had been measured into a sterile vial was
dissolved in 6 ml grade I dimethyl sulfoxide to achieve a 5%
(w/v) solution. Aliquots of this solution were used to dose
the test plates.

Salmonella strains TA98, TAl00, TA1535, TA1537, and
TA1538, obtained directly from Dr. Bruce Ames, University of
California, Berkeley, CA, were used. These strains were
maintained in our laboratory at -800C. Quality controls were
run concurrently with the test substance to establish the
validity of their special features and to determine the
spontaneous reversion rate. Descriptions of the strains,
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their geretic markers, and the methods for strain validation
are given in the LAIR SOP, OP-STX-1 (3).

Test Ftnrmat

BALLPOWDER® was evaluated for mutagenic potential according
to the methods of Ames et al (4). A detailed description of the
methodology is given in LAIR SOP, OP-STX-1 (3).

Toxicity Tests

Toxicity tests were conducted to determine a sublethal
concentration of the test substance. This toxicity level was
found by using minimal glucose agar (MGA) plates,
concentrations of BALLPOWDERS ranging from 1.6 x 10

- 3

mg/plate to 5 mg/plate and approximately 108 cells of TA100
per plate. Top agar containing trace amounts of histidine
and biotin was placed on the plates. Strain verification was
confirmed on the bacteria, along with a determination of the
spontaneous reversion rate. After incubation, the growth on
the plates was observed. Since none of the plates showed
decreased macrocolony formation (below the level of the
spontaneous reversion plates) or an observable reduction in
the density of the background lawn, a maximum "limit" dose of
5 mg per plate was used in the mutagenicity assay.

Mutagenicity Tests

The test substance was evaluated over a 1000-fold range
of concentrations, decreasing from the minimum toxic level
(the maximum or limit dose) by a dilution factor of 5, both
with and without 0.5 ml of the S-9 microsome fraction. The
S-9 was purchased from Litton Bionetics (Kensington, MD).
The optimal titer of this S-9, as determined by Litton
Bionetics, was 0.75 mg protein/plate. After all the
ingredients were added, the top agar was mixed, then overlaid
on MGA plates. These plates contained 2% glucose and Vogel
Bonner "E" Concentrate (5). The water used in this medium
and in all reagents came from a Polymetric model 200-3 Water
Purifier (Sunnyvale, CA). Plates were incubated upside down
in the dark, at 370C for 48 hours. Plates were prepared in
triplicate and the average revertant counts were recorded.
The average number of revertants at each dose level was
compared to the average number of spontaneous revertants
(negative control). The spontaneous reversion rate (with and
without S-9) was monitored by averaging the counts from two
determinations run simultaneously with the test compound
assay. The spontaneous reversion rate was determined by
inoculating one set of plates before and one set after the
test compound assay plates so that any change in spontaneous
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reversion rate during the dosing procedure would be detected.
This spontaneous reversion rate was also compared with
historical values for this laboratory and those cited in Ames
et al (4). Concurrent sterility and strain verification
controls were run. All reagents, test compounds, and media
were checked for sterility by plating samples of each on MGA
media and incubating them at 37"C with the test plates. The
Salmonella strains were verified by a standard battery of
tests. The following tests were run to determine if:

- Lipopolysaccharide laver (LP) alteration causes growth
inhibition in the presence of crystal violet.

- An ampicillin-resistant R factor has allowed growth in
strains TA98 and TA100 in the presence of ampicillin-
impregnated disks.

- Absence of excision repair mechanism has inhibited
growth in the presence of ultraviolet light.

Four known mutagens were tested as positive controls to
confirm the responsiveness of the strains to the mutation
process. These compounds (benzo[a]pyrene, 2-aminofluorene,
2-aminoanthracene, and N-methyl-N'-nitro-n-nitrosoguanidine)
were obtained from Sigma Chemical Co. (St. Louis, MO). The
test compound and mutagens were handled during this study in
accordance with the standards published in NIH Guidelines for
the Laboratory Use of Chemical Carcinogens (DHHS Publication
No. (NIH) 81-2385, May 1981).

Data TnterpretAtion

According to Brusick (6), a compound is considered
mutagenic if the following criteria are met:

1. For strains TA98 and TAl00, a positive dose response
(correlated dose response) over three dose concentrations is
achieved with at least the highest dose yielding a revertant
colony count greater than or equal to twice the spontaneous
colony count for the strain. A strong correlated dose
response in strain TA100 without a doubling of the individual
colony count may also be considered positive.

2. For strains TA1535, TA1537, and TA1538, a correlated
dose response over three concentrations is achieved with at
least one dose yielding a revertant colony count three times
the spontaneous colony count for the strain.
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~tora~ oftbp- RAW nata andi EFina1 RB-A2-

A copy of the final report, study 
protocols, raw data,

SOPs, and an aliquot of the 
test compound will be retained 

in

the LAIR archives.

DnPviatiflo from the rotcol/SOk

None.

RZSULTS

On 5 December 1984, the toxicity 
level determination was

performed on BALLPOWDER® (Table 1). For this experiment all

sterility, strain verification, 
and negative controls were

normal (Table 2). No toxicity was observed after 
exposure of

the tester strain (TAI00) to the highest dose 
used

(5 mg/plate).

Normal results were obtained 
for all sterility, strain

verification, and negative 
controls during the Ames Test

performed on 12-14 December 
1984 (Table 3). BALLPOWDER

® did

not induce any appreciable 
increase in the revertant colony

counts relative to those of 
the negative control cultures

(Table 3).

Individual plate scores for 
the toxicity test,

verification controls, and the 
mutagenicity test are

presented in Appendix B.
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TABLE 1: TOXICITY DETERMINATION FOR BALLPONDER®

GLP STUDY: 84041 7 DEC 84 PERFORMED BY: SANO, MORGAN

TA100 REVERTANT PLATE COUNT

TEST COMPOUND CONCENTRATION MEAN ±ISD BACKGROUND LAWN*

NEGATIVE CONTROL 65 ± 9.0 NL
5.0 mg/plate 79 ± 9.2 NL
1.0 mg/plate 97 ±11.5 NL
0.2 mg/plate 92 ± 6.0 NL
0.04 mg/plate 88 ± 2.1 NL
0.008 mg/plate 82 ± 8.1 NL
0.0016 mg/plate 85 ± 4.2 NL

STRAIN VERIFICATION FOR TOXICITY DETERMINATION

TA100*
HISTIDINE REQUIREMENT G
AMPICILLIN RESISTANCE G
UV NG
CRYSTAL VIOLET SENSITIVITY NG (12nu)
STERILITY CONTROL NG

STERILITY CONTROL FOR TOXICITY DETERMINATION

MATERIAL TESTED OBSERVATION*

MINIMAL GLUCOSE AGAR PLATES NG
TOP AGAR NG
DILUENT WATER NG
NUTRIENT BROTH NG
TEST COMPOUND (HIGHEST DOSE) NG

* NL-Normal Lawn, G-Growth, NG=No Growth, ST=Slight Toxicity

I
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TADISI 2: STRAIN VZRIVIC&!IoN AND STZRILITY TESTING
rOR TEZN UTAQENIC ITY DETECRMINATION oF SaLLI ownER®

GLP STUDY: 84041 13 DEC 84 PERFORMED BY: SANO, MORGAN

OBSPRNV!RIJONS

HISTIDINE AMPICILLIN CRYSTAL
STRAIN REUTREMEN RESISTANCE 13V REPAIR VTQTST CONTROL,

TA98 NG G NG NG NG
TA100 NG G NG NG NG
TA1535 NG NG NG NG NG
TA1537 NG NG NG NG NG
TA1538 NG NG NG NG NG

T=Z XLXTY CONTROL rOR MrIYAQENIQITY DETERMINATION

MATERIAL TESTED ORSE-RVATTON*

MINIMAL GLUCOSE AGAR PLATES MG
TOP AGAR MG
DILUENT WATER MG
NUTRIENT BROTH MG
TEST COMPOUND (HIGHEST DOSE) MG
S-9 MG

-G Growth, MG -No Growth
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DISCUSSION

Certain test criteria must be satisfied before an Ames
Test can be considered a valid assessment of a !ompound's
mutagenic potential. First, the special featu. s of the Ames
strains must be verified. These features include demonstration
of ampicillin resistance, LP (lipopolysaccharide) layer
alterations, and DNA excision repair deficiencies. Second, the
Salmonella strains must be susceptible to mutation by known
mutagens. Third, the optimal concentration of the test
compound must be determined by treating TA100 with a broad
range of doses and observing the potential toxic effects on
macrocolonies and microcolonies. If these tests are performed
and expected data are obtained, then the results of the Ames
Test can be considered valid.

After validation of bacterial strains and selection of
optimal sublethal doses, BALLPOWDER@ was evaluated in the Ames
Test. Criteria for a positive response include both a
correlated dose-response relationship over three dose
concentrations and a revertant colony count at least two times
(TA98 or TAI00) or three times (TA1535, TA1537, or TA1538) the
spontaneous revertant colony count (6). BALLPOWDER@ did not
induce the requisite dose-response relationship or the increase
in revertant colony counts necessary for a positive response.
Thus, the results of this assay indicate that BALLPOWDER® is
not mutagenic when evaluated in the Ames Test.

CONCLUSION

BALLPOWDER@ was evaluated in the Ames Test, in both the
presence and absence of metabolic activation, and did not
produce a mutagenic response at the dose levels tested.
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Appendix A: ClERICAL DATA SlEET

I REPORTS CONTROL SYMBOLPROPELLANT DESCRIPTION SHEET I EXEMPT - PARA 7-2a
1 AR 335-15

TO" -ATE

rBadger Army Ammunition Plant
Baraboo. Wisconsin 53913 10 August 1984

DA LOT NUMBER 50/50 blend of lots OPOSITION NUMBER

1,1-47670 and4 RAJ-47671 W C 844 for Cartridge 5.56 mm, SALL, M193
ABadger Armny Amunition Plant PAAUAUN I

CONRACWAE SPICIPICAT1om uH II MI 4L-P-3984E w/Ainendment 4 and
OAAA9-73-C-0004 I~ w C ia..LS0542743 Rev. C

Nitrocellulose (NC) extracted from excessed MAX % ANN MNN

Single Rase Prooellant.Am% MIN NN
1

N

NC complied with MIL-M-244A _______ _______ ESPLOSION "R

........ POUHOS SOLVENT PER POUND NCdDRY WEIGHT INGREDIENTS CONSISTING OF _.......POUNDS ALCOHOL AND - POUNDS
PER IN POUNDS SOLVENT. PERACENTAGE REMIX TO WHOLE _ .......

TEMPERATURE TIME
FRO To PROCESS-.SOLVENT RECOVERY AND DRYING DAYS HOURS

PROPELLANT COMPOSITION' TESTS OF FINISHED PROPELLANT STABILITY AND PHYSICAL TESTS

CONSTITUENT % FORMULA S TOLERANCE S NEASURE10 FORMULA 'ACTUAL

NitroolvceriWn ____ _____ 6Q 9UAT TEST 1200 -MjiOuj0 miigmin.
Dinitrotoluene 0_____ .685lj ao Fnlasion (HRS) Min******** 5+*....
fllnhinylamine i1,105 PORN OF PROPELLANT
Oibutylphthalate ... IZj.*ustZ~nrpign Mat-
Nitrocellulose it*j. 0ra075
Total Volatiles 1,4 .ray- flenitg ,0
Moisture and Volatile-s 085 ir n1,7
ResidualSolvent 1__________
CalciumCarbonate 1____ _____ ________ ____ ___

Sodium Sulfate _____ 0-1 1
CLOSED BOMBG PROPELLANT DIMENSIONS (INCHES) .

LOT NUMBER ___________ SPEC Die FINISHED Pcc ACTAL
TEST LENGTH 4L) ___ ____ ___

STANDARD DIAMETER (DI ____ _)__ ___

RIEMARKS BDPEHC SAMPLED

TDl DEW INC O TEST FINISHED
WD AVERAGE _____OFFERED

L:0 DESCRIPTION

TYPE OF PACKING CONTAINER ~* - ___ OWRE
REMARKS *Tested 29 February 1984.

SIGNATURE OF CONTRACTORS$ REPRESENTATIVE I SINA TURE OP GOVE RNMEN T QUALIT Y ASIUPANCE

IREPRESENTATIVE.
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